Abstract. Data from two cross-sectional investigations on 7,138 subjects were used to explore risk factors of human alveolar echinococcosis (AE) in Tibetan communities. The overall human AE prevalence was 3.1% (223 of 7,138), females had a higher prevalence (3.6%, 132 of 3,713) than males (2.7%, 91 of 3,425; P ‫ס‬ 0.011), and herdsmen had a higher prevalence (5.2%, 154 of 2,955) than farmers (1.8%, 12 of 661; P < 0.001) and urban populations (2.1%, 49 of 2,360; P < 0.001). Age in all populations, number of dogs kept, fox skin ownership in farmers, not preventing flies from landing on food in herdsmen, using open streams as drinking water sources, and playing with dogs in urban populations were statistically significant risk factors. The results suggest that AE is highly endemic in the eastern Tibetan plateau, in Sichuan Province, the role of the dog is important for human infection, and other factors associated with environmental contamination may vary according to structure and practices of communities.
INTRODUCTION
Human alveolar echinococcosis (AE), which is caused by the metacestode of the fox tapeworm Echinococcus multilocularis, is considered one of the most pathogenic and chronic parasitic zoonoses in the northern hemisphere. 1 It is a major public health problem in western China. 2, 3 In Sichuan Province, China, AE mostly affects Tibetan communities and the prevalence was 1.9% in one study. 4 Risk factors for human AE are not generally known precisely, but the role of foxes as contaminating definitive hosts is usually well recognized. 3 A recent study in Europe on 40 cases and 120 controls showed that being a farmer, living in a dwelling close to the fields, going into forests for vocational reasons, growing leaf or root vegetables, chewing grass and eating unwashed strawberries were significant risk factors. 5 A role for dogs in Gansu Province, China, in Alaska, and more recently in Europe has been suggested. 5, 6 Actual risk factors on the Tibetan plateau are unknown.
In Sichuan, surveys of definitive hosts for adult tapeworm infection showed E. multilocularis in 44.4% of Tibetan foxes (Vulpes ferrilata), in 12.1-25.0% of stray dogs, 4 and in 12% of owned dogs purged using arecoline. 7 In the pastoral areas of endemic Tibetan communities, E. multilocularis larval infection was observed in 25% of plateau voles (Microtus irene) and in small lagomorphs (6.7% of the black-lipped pika (Ochotona curzoniae), and 7.1% of Tibetan hares (Lepus oiostolus). 4 Overgrazing of pastures was suggested to be a key factor promoting abundance of small mammals, which may promote AE transmission through dogs. 8 In Tibetan communities, the population can be separated into pastoral, farming, and urban populations relative to their living area and occupation. The situation regarding the environment and behavior may also be very different for these three populations. We thus addressed the epidemiologic characteristics, especially specific risk factors, for each population in two counties of the Sichuan Tibetan plateau to better understand the mode of transmission of E. multilocularis in this area, which is also endemic for E. granulosus infection, 9 and to identify specific control opportunities for these respective populations. Data collection. Township officials and village cadres passed messages through herdsmen to inform the inhabitants where they could get free medical examination for echinococ-cosis, which is known as gan bao nang chong in Tibetan and Chinese. Thus, volunteer, self-selected subjects went to one of the designated screening places. Before examination, informed consent was obtained from all adult subjects and from the parents of minors. The study was reviewed and approved by the Ethical Committee of Sichuan Institute of Parasitic Diseases, Sichuan Province, as well as those of collaborating investigators, according to regulations of the National Institutes of Health in the United States. After answering an epidemiologic questionnaire, each registered person was given an abdominal examination using a portable ultrasound machine. For people diagnosed by ultrasound with AE or suspected AE, a 5-mL venous blood sample was obtained for serologic confirmation using the E. multilocularis-specific Em18-blot test. 10 Diagnosis was based on ultrasound characteristics recommended by the World Health Organization Informal Working Group Echinococcosis Ultrasound Classification Network that were used in previous mass screenings in China.
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Statistical analysis. From the epidemiologic questionnaires, the following potential transmission risk factors were analyzed: age, sex, county of residence, nationality (ethnic group), education level, number of dogs kept, dogs kept by neighbors, fox skin products ownership, drinking water sources, nomadic life style, income, livestock raising, habit of washing hands before eating, drinking non-boiled water, preventing flies from landing on food, and playing with dogs.
Statistical analysis included a general description and analysis of the age and sex structure, as well as AE prevalence of the population under study globally and in each of the studied counties. A sex-stratified stepwise logistic regression taking age into account was then used to characterize AE prevalence differences among farming, pastoral, and urban populations. Single factor and multiple factor stepwise logistic regressions were used to identify risk factors for each of the three populations. Factors with P values < 0.15 were used for variable inclusion in multiple logistic regressions. Age and the number of dogs had one-year increments. All analyses were conducted using SPSS version 10 software (SPSS Inc., Chicago, IL).
RESULTS
A total of 7,138 subjects were screened in the two counties of the study and used for the analysis. Of the investigated population 86.4% (6,167 of 7,138) were Tibetans. All subjects who listed occupations as farmers and herdsmen were Tibetans. In the current analyses, all patients identified in previous surveys or diagnosed in hospitals were not included. Pastoral communities had 2,955 subjects screened, farming communities 661, urban communities 2,360, students 1,043 (mostly less than 15 years of age), and others 119 (for example people from other counties and with a short time of residence). The mean ± SD age of the population was 31.1 ± 16.4 years (n ‫ס‬ 7,138). The mean ± SD age was 31.0 ± 16.5 years (n ‫ס‬ 3,425) for males and 31.2 ± 16.3 years (n ‫ס‬ 3,713) for females. The mean ± SD number of dogs kept by the adult screened subjects was 1.17 ± 1.13 in the three communities, with 1.44 ± 1.16, 1.04 ± 0.95, and 0.88 ± 1.05 in pastoral, farming, and urban communities, respectively.
Sex-and age-specific AE prevalence. The overall AE prevalence for the population was 3.1% (223 of 7,138) with a prevalence in males of 2.7% (91 of 3,425) and a prevalence in females of 3.6% (132 of 3,713). There was a tendency of increasing AE prevalence with age in all groups except for students (Table 1) . Overall AE prevalence in herdsmen was 5.2% (154 of 2,955); 4.8% (65 of 1,368) in males and 5.6% (89 of 1,587) in females. Overall AE prevalence in farmers was 1.8% (12 of 661); 1.1% (3 of 268) in males and 2.3% (9 of 393) in females. In the urban population, AE prevalence was 2.1% (49 of 2,360); 1.3% (16 of 1,235) in males and 2.9% (33 of 1,125) in females. In students, AE prevalence was 0.3% (3 of 1,043); 0.4% (2 of 483) in males and 0.2% (1 of 560) in females.
Multiple stepwise logistic regression that included age, sex, and community factors (urban community, farming community, and pastoral community) showed that prevalence in females (3.6%, 132 of 3,713) was significantly higher than in males (2.7%, 91 of 3,425; P ‫ס‬ 0.011) and that herdsmen (5.2%, 154 of 2,955) had a higher prevalence than farmers (1.8%, 12 of 661; P < 0.001) and the urban population (2.1%, 49 of 2,360; P < 0.001). Using stratified logistic regression in which sex was a stratifying factor and that included age and community, the pastoral community was also identified as the population with the highest AE prevalence ( Table 2) .
Risk factors for pastoral, farming, and urban communities. Significant risk factors for pastoral communities are shown in Table 3 . After multiple factors stepwise logistic regression analysis, only age (odds ratio [OR] ‫ס‬ 1.036, 95% confidence interval [CI] ‫ס‬ 1.027-1.046, P < 0.001) and not preventing flies from landing on food (OR ‫ס‬ 8.598, 95% CI ‫ס‬ 3.182-23.484, P < 0.001) were statistically significant.
Significant risk factors for farming communities are shown in Table 4 . After multiple factors stepwise logistic regression, only Shiqu County as an area of residence (OR ‫ס‬ 5.167, 95% CI ‫ס‬ 1.521-17.561, P ‫ס‬ 0.009) and age (OR ‫ס‬ 1.078, 95% CI ‫ס‬ 1.033-1.125, P ‫ס‬ 0.001) were statistically significant risk factors. However, when the county of residence was excluded from the analysis, the number of dogs kept was statistically significant by forward stepwise multiple logistic regression (OR ‫ס‬ 1.722, 95% CI ‫ס‬ 1.072-2.739, P ‫ס‬ 0.022) and ownership of fox skin was a statistically significant risk factor by backward stepwise multiple logistic regression (OR ‫ס‬ 6.583, 95% CI ‫ס‬ 1.407-30.805, P ‫ס‬ 0.017) ( Table 4) . Farmers living in Shiqu County owned more fox skin products (P < 0.001) and kept more dogs than farmers living in Ganzi County (P < 0.001) ( Table 5 ). Therefore, co-linearity might exist between county of residence and fox skin ownership, as well as between county of residence and number of dogs kept.
Significant risk factors for urban communities are shown in Table 6 . After multiple factors stepwise logistic regression, female sex (OR ‫ס‬ 2.345, 95% CI ‫ס‬ 1.242-4.427, P ‫ס‬ 0.009), increasing age (OR ‫ס‬ 1.031, 95% CI ‫ס‬ 1.012-1.051, P ‫ס‬ 0.001), streams as a drinking water source (OR ‫ס‬ 0.267, 95% CI ‫ס‬ 0.136-0.920, P < 0.001), well water (OR ‫ס‬ 0.354, 95% CI ‫ס‬ 0.119-0.600, P ‫ס‬ 0.033), and playing with dogs (always versus never; OR ‫ס‬ 4.550, 95% CI ‫ס‬ 1.611-12.846, P < 0.004 and occasionally versus never; OR ‫ס‬ 2.826, 95% CI ‫ס‬ 1.146-6.970, P ‫ס‬ 0.024) were statistically significant risk factors.
DISCUSSION
This study included more than 7,000 subjects screened for human AE, with 223 patients identified, and thus constitutes the largest study of AE risk factors in a human community ever performed. The study confirmed that pastoral communities and females in this Tibetan area were at highest risk for AE, and showed that differences in prevalence among counties might be due to behavioral factors, in addition to wellrecognized environmental factors that determine E. multilocularis infection in intermediate and definitive animal hosts.
Nomadic pastoral communities on the Tibetan plateau are at high risk of E. multilocularis infection. The prevalence of AE in herdsmen was as high as 8.5% in another study, 8 and contacts with dogs were suggested to be an important risk factor. 9, 12 Local Buddhist practices often result in large numbers of stray dogs in villages. Our field observations found that the environment, especially in the immediate area surrounding herdsmen houses, was highly contaminated by dog feces. Women of the community care for dogs, and this could be a part of the explanation for the higher risk found in women. Such a higher risk in adult females was also found in rural communities of Gansu province. 6 Additional risks for Tibetan women could also be related to the specific use of yak feces cakes as the main fuel in the pastoral communities both in rural and urban communities. The screened women reported that dogs sometimes defecated directly on the pile of yak feces. Collecting yak feces and putting yak feces cakes into the stove, which is usually done by women, could thus result in contact with dog feces and/or contaminating parasitic eggs directly. A role for immune suppression during pregnancy cannot be ruled out. Aggravation of previously stable AE during or immediately after pregnancy has been reported by the clinicians who followed-up AE patients. 13 Recently such a delete- rious effect of pregnancy with occurrence of brain metastasis in Chinese women in Ningxia has been observed. 14 Both environmental/behavioral and immunologic explanations are consistent with the sex ratio favoring females only in adult cases in our study and in Gansu Province. 6, 11 Increased risk with age in both sexes has been found in epidemiologic studies of AE and can be explained by the long latent period of infection that may delay the diagnosis In pastoral communities, dogs tied to doorways during the day and released at night are used to watch houses and tents and to drive wolves away from livestock. Young dogs roam around inside and outside houses and tents. In these pastoral communities, only preventing flies from landing on food was found to be a statistically significant protection against the disease; other assumed important factors such as keeping dogs, playing with dogs, owning fox skin products, water sources, and washing hands before eating were not statistically significant independent factors. The possible reason might be that the environment was so highly contaminated that only hygiene behavior related to direct food contamination could be beneficial. We observed significant differences depending on water source and dog owning in urban populations whose environment, style of life, and behavior are much more diverse. Our household visits showed that families of herdsmen who prevent flies from landing on food also had other types of behavior to improve the hygienic status in the houses. In such families, food was stored in cupboards that not only prevented contact with flies, but also prevented dogs from having contact with food. We also observed that young dogs had access to places where food was stored in some households. However, other combinations of variables might be significant, and the fly factor may be a surrogate for some causal undetected variables because of the transport of E. multilocularis eggs by flies. Until now, only E. granulosus eggs were convincingly shown to be transported by flies, 15 but nothing is known about this mode of contamination of food regarding E. multilocularis.
Farmers in Shiqu County had a higher risk of AE than farmers in Ganzi County. Our analyses suggested that the difference may be the result of ownership of fox skin and the number of dogs kept. There was co-linearity between the county of residence and both of these risk factors. The P value of the factor county of residence increased from 0.051 in single factor analysis to 0.009 in multiple factor regression. When the county of residence factor was excluded, the number of dogs kept was significant by forward stepwise multiple regression and ownership of fox skin products was significant by backward stepwise multiple regression. This is the first time in China that epidemiologic analysis suggests that the fox might play a significant role in AE transmission to humans. However, geographic factors might interact with behavioral factors to produce such a difference between counties because ownership of fox products might be a consequence of higher number of foxes in the area related to environmental causes.
In addition to contamination through the E. multilocularis cycle, contamination through dogs imported from other pastoral communities cannot be ruled out. When we conducted household visits, the transfer of dogs between communities, even between provinces, was common. 2, 18 This may be the result of deforestation leading to the extension of favorable habitats for small mammalian intermediate hosts. 19, 20 However, the process by which such a newly favorable environment is contaminated with E. multilocularis remains unclear. In the United States, a shipment of foxes and coyotes was confiscated in South Carolina by federal and state wildlife authorities in 1989. Echinococcus multilocularis was identified in 3 of 44 red foxes that had been transported illegally from eastern Indiana and western Ohio and were to be released into foxhunting enclosures in southeastern states. Subsequent investigation showed that translocation of foxes from areas where E. multilocularis is currently enzootic into southeastern states is common. 21 Thus, the dog trade may be an important way for the parasite to spread in areas where it is not present. This possibility should be taken into account in China if control measures are planned at the national level. 
